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MOUNTING STRUCTURE OF ANGULAR 
RATE SENSOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of allowed U.S. application 
Ser. No. 1 1/216,131 which is based on Japanese Patent Appli 
cations No. 2004-255716 filed on Sep. 2, 2004, and No. 
2004-273419 filedon Sep. 21, 2004, the disclosures of which 
are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to an angular rate sensor and 
a mounting structure of an angular rate sensor. 

BACKGROUND OF THE INVENTION 

An angular rate sensor includes a drive-purpose vibrator 
capable of vibrating along a first direction and an angular 
velocity detection-purpose vibrator capable of vibrating 
along a second direction perpendicular to the first direction. 

Generally speaking, this sort of angular rate sensor has 
been constituted by employing a Supporting Substrate, the 
drive-purpose vibrator, and the angular Velocity detection 
purpose vibrator. The drive-purpose vibrator has been sup 
ported on this supporting Substrate in Such a manner that the 
drive-purpose vibrator can be vibrated along the first direc 
tion. The angular Velocity detection-purpose vibrator has 
been Supported on the Supporting Substrate in Such a manner 
that the angular Velocity detection-purpose vibrator can be 
vibrated along the second direction perpendicular to the first 
direction. This sensor is disclosed in, for example, Japanese 
Patent No. 2888O29. 

However, since the angular Velocity detection-purpose 
vibrator has been manufactured in Such a shape which is 
elongated along the second direction, only a very Small 
amount of the vibrations produced from the drive-purpose 
vibrator is transferred with respect to this angular velocity 
detection-purpose vibrator. Therefore, there are some possi 
bilities that this angular velocity detection-purpose vibrator 
may bend along the width direction of the vibrator, i.e., along 
the first direction. 

The angular velocity detection-purpose vibrator outputs 
the detected angular Velocity in accordance with capacitance 
change produced between the angular Velocity detection 
purpose vibrator and an angular Velocity detection-purpose 
fixed electrode. However, if the angular velocity detection 
purpose vibrator bends, the capacitance change caused by this 
bending may occur, and thus, angular Velocity components 
other than Such an angular Velocity component which should 
be originally detected are detected. As a result, the unwanted 
angular Velocity components may cause a detection output 
eO. 

When the angular velocity detection-purpose vibrator 
bends along the first direction, this angular velocity detection 
purpose vibrator is deformed also along the second direction 
in connection with the first direction. As a result, the distance 
(interval) between the angular velocity detection-purpose 
vibrator and the angular Velocity detection-purpose fixed 
electrode along the second direction is changed. Thus, the 
capacitance change is produced based upon this distance 
change. 

Thus, it is required to protect the angular velocity detec 
tion-purpose vibrator from bending due to driving vibrations 
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2 
of the drive-purpose vibrator, and further, it is required to 
reduce a detection output error. 

Further, a mounting structure of an angular rate sensor in 
which a vibration type angular rate sensor is mounted on a 
base member. In the vibration type angular rate sensor, while 
a vibrator is driven to be vibrated, when an angular velocity is 
applied to this angular rate sensor, the applied angular Veloc 
ity is detected based upon vibrations of the vibrator along a 
direction perpendicular to the driving vibration direction. 

In general, as this sort of vibration type angular rate sensor, 
MEMS (Micro Electro Mechanical System) gyroscopes have 
been known. 

Such a vibration type angular rate sensor has been arranged 
by employing: a base unit made of a semiconductor Substrate, 
or the like; a vibrator coupled to the base unit; excitation 
means for driving the vibrator to be vibrated along a first 
direction; and detection means for detectinganangular Veloc 
ity. That is, when the angular velocity is applied under driving 
vibrations of the vibrator, this detection means detects the 
applied angular Velocity based upon the vibrations of the 
vibrator along a second direction perpendicular to the first 
direction. 

Such a vibration type angular rate sensor is employed as a 
yaw rate sensor for detecting a yaw rate in a system Such as, 
for instance, a Vehicle Stability Control (VSC) and a naviga 
tion system. This vibration type angular rate sensor is 
mounted on a vehicle under Such a condition that this yaw rate 
sensor is mounted on, for example, amounting board of an 
Electronic Control Unit (ECU) as a base member. 

In this case, an angular rate sensor is mounted in Such away 
that a detection axis corresponding to a rotation axis of an 
angular velocity is directed to an upper and lower direction of 
a vehicle, namely the vertical direction. 

However, in Such a case that this angular rate sensor is used 
So as to detect any otherangular Velocities thanayaw rate, the 
sensor is mounted in Such a manner that a detection axis of an 
angular Velocity is located parallel to a horizontal plane. The 
angular Velocities other than this yaw rate correspond to, for 
instance, an angular Velocity around an axis of a forward and 
backward direction of a vehicle, namely a roll rate, and also 
correspond to an angular Velocity aroundan axis of a right and 
left direction of the vehicle, namely a pitch rate. 
As a result, in the angular rate sensor, there are some risks 

that adverse influences caused by the upper and lower vibra 
tions of the vehicle and the gravitational acceleration may be 
given with respect to the driving vibrations depending upon 
the direction of the driving vibrations of the vibrators. In other 
words, when the above-described upper and lower vibrations 
of the vehicle and the gravitational acceleration are applied to 
the vibrators along the above vibration direction, the vibrat 
ing conditions of the driving vibrations become unequal to 
each other. 

Originally, in a vibration type angular rate sensor, it is 
important how to stabilize driving vibrations of vibrators. 
However, a leakage of vibrations may occur in response to a 
change in conditions of the driving vibrations, and/or electric 
anomalies, caused by the driving vibrations being Superim 
posed upon detection signals, so that precision of sensor 
output signals may be deteriorated. 

Therefore, it is required, even when a detection axis of an 
angular velocity is directed to the horizontal plane, driving 
vibrations of vibrators is stabilized as much as possible. 

SUMMARY OF THE INVENTION 

In view of the above-described problem, it is an object of 
the present invention to provide an angular rate sensor having 
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high accuracy. It is another object of the present invention to 
provide a mounting structure of an angular rate sensor for 
detecting an angular velocity parallel to a horizontal plane. 
An angular rate sensor includes: a Support Substrate; a 

drive-purpose vibrator Supported on the Substrate through a 
drive beam in such a manner that the vibrator is capable of 
vibrating in a first direction; and an angular Velocity detec 
tion-purpose vibrator Supported on the Substrate through a 
detection beam in such a manner that the vibrator is capable of 
vibrating in a second direction, which is perpendicular to the 
first direction. The angular Velocity detection-purpose vibra 
tor extends in the second direction. The detection beam is 
deformable in the second direction, and the drive beam is 
deformable in the first direction. The sensor detects an angu 
lar velocity on the basis of vibration of the angular velocity 
detection-purpose vibrator in the second direction, the vibra 
tion which is caused by a Coriolis force applied to the drive 
purpose vibrator, in a case where the drive-purpose vibratoris 
vibrated in the first direction, and where the angular velocity 
is applied to the sensor in a third direction so that the third 
direction provides a rotation axis of the angular Velocity. The 
third direction is perpendicular to both of the first and the 
second directions. The angular Velocity detection-purpose 
vibrator has a length along with the second direction and a 
width along with the first direction. A ratio between the width 
and the length of the angular Velocity detection-purpose 
vibrator is equal to or larger than 0.1. 

In the above sensor, bending amount of the angular Veloc 
ity detection-purpose vibrator in the second direction caused 
by driving vibration of the drive-purpose vibrator becomes 
sufficiently small. Thus, output error in the sensor is reduced 
so that detection accuracy of the sensor is improved. 

Preferably, the ratio between the width and the length of the 
angular Velocity detection-purpose vibrator is defined as X. 
The angular Velocity detection-purpose vibrator has a dis 
placement amount in the second direction when the drive 
purpose vibrator is vibrated in the first direction. The dis 
placement amount of the angular velocity detection-purpose 
vibrator is defined as Y in millimeters. The ratio and the 
displacement amount have a relationship of: 

Y=0.0148X-0.0076X+0.0015X2-0.0001 X-6x10. 

Further, a mounting structure includes: a sensor, and a 
mounting board for mounting the sensor thereon. The sensor 
includes a vibrator capable of vibrating in a first direction. 
The sensor detects an angular Velocity on the basis of vibra 
tion of the vibrator in a second direction in a case where the 
vibrator is vibrated in the first direction, and where the angu 
lar velocity is applied to the sensor in a third direction so that 
the third direction provides a rotation axis of the angular 
velocity. The second direction is perpendicular to the first 
direction, and the third direction is perpendicular to both of 
the first and the second directions. The third direction is in 
parallel to a horizontal plane perpendicular to a gravitational 
direction, and the first direction is in parallel to the horizontal 
plane. 

In the sensor, the vibrating direction of the vibrator is 
perpendicular to a gravitational direction. Thus, the gravity 
does not affect the driving vibration of the vibrator substan 
tially. Thus, the driving vibration of the vibrator is stable as 
much as possible. 

Preferably, the sensor and the board are used in an auto 
motive vehicle. In this case, the vibrating direction of the 
vibrator is perpendicular to an up-and-down oscillation of an 
automotive vehicle. Thus, the up-and-down oscillation of the 
vehicle does not affect the driving vibration of the vibrator 
Substantially. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention will become more apparent from the fol 
lowing detailed description made with reference to the 
accompanying drawings. In the drawings: 

FIG. 1 is a plan view showing a capacitance type angular 
rate sensor according to a first embodiment of the present 
invention; 

FIG. 2 is a cross sectional view showing the sensor taken 
along line II-II in FIG. 1; 

FIG. 3 is a graph showing a relationship between a ratio 
W/L and a displacement Y of an angular velocity detection 
purpose vibrator in a y direction, according to the first 
embodiment; 

FIG. 4 is a plan view showing an angular rate sensor as a 
prototype, according to a first embodiment; 

FIG.5 is a schematic perspective view showing a mounting 
structure of an angular rate sensor on a mounting board, 
according to a second embodiment of the present invention; 

FIG. 6 is a plan view showing the sensor, according to the 
second embodiment; 

FIG. 7 is a schematic perspective view showing a mounting 
structure of an angular rate sensor on a mounting board, 
according to a comparison of the second embodiment; and 

FIG. 8 is a schematic perspective view showing a vibrating 
type angular rate sensor, according to the comparison of the 
second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

The Inventors of the present invention experimentally 
manufactured and investigated angular rate sensors with 
respect to a related art. FIG. 4 is a diagram for schematically 
showing a plane structure of an angular rate sensor as a trial 
product thereof. 

This angular rate sensor is made of a semiconductor Sub 
strate 10 such as a silicon substrate. Since trenches have been 
formed in this semiconductor substrate 10 by employing the 
well-known semiconductor manufacturing technique such as 
an etching process, as indicated in FIG. 4, a movable elec 
trode 25 and respective electrodes 60, 70, 80, have been 
segmented to be formed. The movable electrode 25 contains 
vibrators 30 and 40. 
The movable electrode 25 has been arranged by providing 

a drive-purpose vibrator 30, an angular velocity detection 
purpose vibrator 40, a drive beam 35 for coupling both the 
vibrators 30 and 40 to each other, and a detection beam 45 for 
coupling the angular Velocity detection-purpose vibrator 40 
to the substrate 10. 
The drive-purpose vibrator 30 has been constituted by pro 

viding a weight unit 31 and a plurality of elongation units 32. 
This weight unit 31 is elongated along an 'x' direction shown 
in FIG. 4. The plural elongation units 32 are elongated along 
a “y” direction on both sides of this weight unit 31. 

Also, two sets of the angular Velocity detection-purpose 
vibrators 40 have been provided on both outsides of the 
weight unit 31 of the drive-purpose vibrator 30 in the X 
direction (will be referred to as “first direction x' hereinafter) 
indicated in FIG. 4, and have been formed in a narrow shape 
which is elongated along they direction (will be referred to as 
“second direction y' herein after). 

In this case, both edge portions of the weight unit 31 of the 
drive-purpose vibrator 30 have been coupled via the drive 
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beam 35 to the angular velocity detection-purpose vibrator 
40. Then, the angular velocity detection-purpose vibrator 40 
has been coupled via the detection beams 45 with respect to 
an anchor unit 50 which corresponds to a fixing unit to the 
substrate 10. As a consequence, the movable unit 25 can be 
moved along a direction parallel to the Substrate plane of the 
substrate 10 by coupling four sets of the detection beams 45 to 
the anchor unit 50. 

In this case, the drive beam 35 includes a degree of freedom 
along the first direction “X”. Also, each of the detection beams 
45 includes a degree of freedom along the second direction 
“y”. Since the drive beam 35 and the detection beam 45 have 
been constructed in the above-explained manner, the drive 
purpose vibrator 30 has been supported with respect to a 
Supporting Substrate 11 under Such a condition that this drive 
purpose vibrator 30 can be displaced along the first direction 
“x', whereas the angular velocity detection-purpose vibrator 
40 has been Supported with respect to the Supporting Substrate 
11 under Such a condition that this angular Velocity detection 
purpose vibrator 40 can be displaced along the second direc 
tion “y” which is perpendicular to the first direction “X”. 

Also, as shown in FIG. 4, a drive-purpose fixed electrode 
60 fixed on the substrate 10 has been arranged in an opposite 
manner on a side Surface of each of elongation units 32 of the 
drive-purpose vibrator 30. Also, angular velocity detection 
purpose fixed electrodes 70 fixed to the substrate 10 have been 
arranged on the outer side Surfaces of the angular Velocity 
detection-purpose vibrator 40 in Such a manner that the angu 
lar velocity detection-purpose fixed electrode 70 are located 
opposite to each other. 

It should be understood that in the angular rate sensor 
shown in FIG. 4, the vibration detection-purpose fixed elec 
trode 80 fixed on the substrate 10 has been arranged opposite 
thereto on the drive-purpose vibrator 30. This vibration detec 
tion-purpose fixed electrode 80 has been constituted as a 
monitor electrode which monitors drive vibrations of the 
drive-purpose vibrator 30 along the first direction “X”. 
A description is made of detecting operations of Such an 

angular rate sensor. The detecting operations are carried out 
via the respective pads 50a, 60a, 70a, 80a, and the respective 
electrodes 60 to 80. 

First, the drive-purpose vibrator 30 is driven to be vibrated 
via the drive-purpose fixed electrode 60 along the first direc 
tion X. When an angular velocity “S2’ as an angular rate to be 
detected is applied around an axis “Z” which is perpendicular 
to both the first direction 'x' and the second direction “y” 
under this driving and vibrating operation, the angular Veloc 
ity detection-purpose vibrator 40 is vibrated along the second 
direction “y” so as to detect the applied angular velocity “S2’ 
by Coriolis force which is applied to the vibration-purpose 
vibrator 30. 
A distance between the angular velocity detection-purpose 

vibrator 40 and the angular velocity detection-purpose fixed 
electrode 70 is changed by the detecting vibrations of this 
angular Velocity detection-purpose vibrator 40, and thus, the 
detection of the angular velocity “S2’ is carried out based 
upon a change in capacitances between the angular Velocity 
detection-purpose vibrator 40 and the angular velocity detec 
tion-purpose fixed electrode 70. 

In the angular rate sensor having Such an arrangement, 
when the driving vibration is produced, it is preferable that 
only the drive-purpose vibrator 30 is vibrated. 

However, since the angular Velocity detection-purpose 
vibrator 40 has been manufactured in such a shape which is 
elongated along the second direction 'y', only a very Small 
amount of the vibrations produced from the drive-purpose 
vibrator 30 is transferred with respect to this angular velocity 
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6 
detection-purpose vibrator 40. Therefore, there are some pos 
sibilities that this angular velocity detection-purpose vibrator 
40 may bend along the width direction of the vibrator 40, i.e., 
along the first direction “X”. 
The angular velocity detection-purpose vibrator 40 outputs 

the detected angular velocity in accordance with the capaci 
tance change produced between the angular Velocity detec 
tion-purpose vibrator 40 and the angular Velocity detection 
purpose fixed electrode 70. However, if the angular velocity 
detection-purpose vibrator 40 bends, the capacitance change 
caused by this bending may occur, and thus, angular Velocity 
components other than Such an angular Velocity component 
which should be originally detected are detected. As a result, 
the unwanted angular Velocity components may cause a 
detection output error. 
When the angular velocity detection-purpose vibrator 40 

bends along the first direction'x'', this angular velocity detec 
tion-purpose vibrator 40 is deformed also along the second 
direction “y” in connection with the first direction “X”. As a 
result, the distance (interval) between the angular velocity 
detection-purpose vibrator 40 and the angular velocity detec 
tion-purpose fixed electrode 70 along the second direction 
y” is changed. Thus, the capacitance change is produced 
based upon this distance change. 

Thus, it is required to protect the angular Velocity detec 
tion-purpose vibrator from bending due to driving vibrations 
of the drive-purpose vibrator, and further, it is required to 
reduce a detection output error. 
To solve the above problem, a capacitance type angular rate 

sensor 100 according to a first embodiment mode of the 
present invention is provided. FIG. 1 shows the sensor. Also, 
FIG. 2 is a sectional view for schematically indicating the 
capacitance type angular rate sensor 100, taken along line 
II-II in FIG. 1. 

This angular rate sensor 100 is made of a semiconductor 
substrate 10 such as a silicon substrate. Since trenches have 
been formed in this semiconductor substrate 10 by employing 
the well-known semiconductor manufacturing technique 
Such as an etching process, as indicated in FIG.1, a frame unit 
20 has been segmented to be formed in an outer peripheral 
unit of this semiconductor substrate 10, and also, a movable 
electrode 25 and respective fixed electrodes 60, 70, 80, have 
been segmented to be formed in an inner peripheral portion 
thereof. The movable electrode 25 contains vibrators 30 and 
40. 

As shown in FIG. 2, the semiconductor substrate 10 corre 
sponds to an SOI (silicon-on insulator) substrate which is 
manufacture by Sandwiching an insulating film 13 Such as a 
silicon oxide film between a first semiconductor layer 11 
functioning as a Supporting Substrate, and a second semicon 
ductor layer 12 located over the first semiconductor layer 11. 

Then, in this semiconductor substrate 10, since both a 
trench etching process and a release etching process were 
carried out from the front surface of the second semiconduc 
tor layer 12, the frame unit 20, the movable electrode 25, and 
the respective fixed electrodes 60 to 80, which have been 
previously described and segmented, have been formed with 
respect to the second semiconductor layer 12. 
As represented in FIG. 2, both the frame unit 20 and the 

respective fixed electrodes 60 to 80 among these structural 
units have been supported via the insulating layer 13 by the 
first semiconductor Substrate 11 functioning as the Supporting 
substrate so as to be fixed. As previously explained, both the 
frame unit 20 and the respective fixed electrodes 60 to 80 
correspond to fixed structural units which have been fixed on 
the supporting substrate 11 (namely, substrate 10). 
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The movable electrode 25 has been arranged by providing 
a drive-purpose vibrator 30, an angular velocity detection 
purpose vibrator 40, a drive beam 35 for coupling both the 
vibrators 30 and 40 to each other, and a detection beam 45 for 
coupling the angular Velocity detection-purpose vibrator 40 
to the first semiconductor substrate 11 functioning as the 
Supporting Substrate. 
The drive-purpose vibrator 30 has been constituted by pro 

viding a weight unit 31 and elongation units 32. This weight 
unit 31 is elongated along an 'x' direction shown in FIG. 1. 
The elongation units 32 are elongated along a “y” direction on 
both sides of this weight unit 31. In this example, four sets of 
the elongation units 32 have been provided on the upper side 
of the weight unit 31, and four sets of the elongation units 32 
have been provided on the lower side thereof, namely, eight 
sets of these elongation units 32 have been provided in total. 

Also, two sets of the above-described angular velocity 
detection-purpose vibrators 40 have been provided on both 
outsides of the weight unit 31 of the drive-purpose vibrator 30 
in the X direction (will be referred to as “first direction x' 
herein after) indicated in FIG. 1, and have been formed in a 
narrow shape which is elongated along they direction (will be 
referred to as “second direction y' herein after). 

In this embodiment mode, such a specific structure has 
been employed, in which a ratio (W/L) is larger than, or equal 
to 0.1, while this ratio is defined by a length “L” along the 
second direction “y” and a width “Walong the first direction 
“x' as to this angular velocity detection-purpose vibrator 40. 
The reason why this ratio (W/L) is set to be larger than or 
equal to 0.1 will be discussed later. 

In this case, both edge portions of the weight unit 31 of the 
drive-purpose vibrator 30 have been coupled via the drive 
beam 35 to the angular velocity detection-purpose vibrator 
40. As indicated in FIG. 1, the drive-purpose vibrator 30 has 
been coupled to the angular Velocity detection-purpose vibra 
tors 40 by four sets of the drive beams 35. 

Then, this angular velocity detection-purpose vibrator 40 
has been coupled via a detection beam 45 with respect to an 
anchor unit 50 corresponding to a fixing unit with respect to 
the supporting substrate 11. Similar to the frame unit 20 and 
the like shown in FIG. 2, this anchor unit 50 has been sup 
ported via the insulating film 13 onto the first semiconductor 
layer 11 functioning as the Supporting Substrate and has been 
fixed on this first semiconductor layer 11. 

While four sets of the anchor units 50 have been provided, 
the detection beams 45 have been coupled as cantilever beams 
with respect to the respective anchor units 50. As a result, 
since four sets of the detection beams are coupled via the 
anchor units 50 to the supporting substrate 11, the movable 
unit 25 has been supported in such a manner that this movable 
unit 25 may be floated over the supporting substrate 11. 

Further, the angular velocity detection-purpose vibrator 40 
has been coupled and supported via the detection beam 45 
onto the Supporting Substrate 11. Although the drive-purpose 
vibrator 30 has interposed both the angular velocity detec 
tion-purpose vibrator 40 and the detection beam 45, this 
drive-purpose vibrator 30 has been coupled via the drive 
beam 35 to the supporting substrate 11. 

In this case, the drive beam 35 includes a degree of freedom 
along the first direction “X”. In this example, as represented in 
FIG. 1, the drive beam 35 includes a plurality of beams, and 
can be operated in a spring displaceable manner essentially 
only along the first direction X. 

Also, the detection beam 45 includes a degree of freedom 
along the second direction “y”. In this example, as shown in 
FIG. 1, the detection beam 45 is formed in such a beam shape 
which is elongated along the X direction, and can be operated 
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8 
in a spring displaceable manner essentially only along the 
second direction “y”. It should be understood that a resonant 
frequency of the drive beam 35 is different from a resonant 
frequency of each of the detection beams 45. 

Since the drive beam 35 and the detection beams 45 have 
been constructed in the above-explained manner, the drive 
purpose vibrator 30 has been supported with respect to the 
Supporting Substrate 11 under Such a condition that this drive 
purpose vibrator 30 can be displaced along the first direction 
“x'. The angular velocity detection-purpose vibrator 40 has 
been Supported with respect to the Supporting Substrate 11 
under Such a condition that this angular Velocity detection 
purpose vibrator 40 can be displaced along the second direc 
tion “y” which is perpendicular to the first direction “X”. As a 
consequence, the movable unit 25 can be moved along Such a 
direction parallel to the Substrate plane of the Supporting 
substrate 11. 

Also, in each of the anchor units 50 to which the detection 
beam 45 of the movable electrode 25 has been coupled, a pad 
50a for detecting an angular velocity has been formed, while 
this detection beam 45 supports the movable unit 25 in the 
cantilever manner. This angular Velocity detection-purpose 
pad 50a has been electrically connected to the detection beam 
45. A predetermined voltage may be applied via this pad 50a 
with respect to both the drive-purpose vibrator 30 and the 
angular Velocity detection-purpose vibrator 40. 

Also, a shown in FIG. 1, a drive-purpose fixed electrode 60 
fixed on the Supporting Substrate 11 has been arranged in an 
opposite manner on a side Surface of each of the elongation 
units 32 of the drive-purpose vibrator 30. Then, at such por 
tions that the elongation unit 32 of the drive-purpose vibrator 
30 is located opposite to the drive-purposefixed electrode 60, 
comb tooth-shaped units have been provided in Such a man 
ner that these comb tooth-shaped units are projected from 
opposite planes thereof to the counter party in a comb tooth 
form, and the comb teeth thereof are interleaved with each 
other. 

Each of the drive-purpose fixed electrodes 60 has been 
electrically connected to the drive-purpose pad 60a provided 
in the vicinity of the frame unit 20. Then, a drive voltage may 
be applied through this drive-purpose pad 60a to the drive 
purpose fixed electrode 60. 

Also, as indicated in FIG. 1, angular Velocity detection 
purpose fixed electrodes 70 fixed to the supporting substrate 
11 have been arranged on the outer side Surfaces of the angu 
lar velocity detection-purpose vibrator 40 in such a manner 
that the angular Velocity detection-purpose fixed electrodes 
70 are located opposite to each other. In this case, two sets of 
the angular velocity detection-purpose fixed electrodes 70 
have been provided in an upper and lower direction with 
respect to one vibrator of the angular Velocity detection 
purpose vibrators 40. 

Then, at Such portions that the angular velocity detection 
purpose vibrator 40 is located opposite to the angular Velocity 
detection-purpose fixed electrode 70, comb tooth-shaped 
units have been provided in Such a manner that these comb 
tooth-shaped units are projected from opposite planes thereof 
to the counterparty in a comb tooth form, and the comb teeth 
thereof are interleaved with each other. 

Each of the angular velocity detection-purpose fixed elec 
trodes 70 has been electrically connected to an angular veloc 
ity detection-purpose pad 70a provided in the vicinity of the 
frame unit 20. Then, a potential of the angular velocity detec 
tion-purpose fixed electrode 70 through this angular velocity 
detection-purpose pad 70a can be measured. 

Also, as shown in FIG. 1, the vibration detection-purpose 
fixed electrodes 80 fixed to the supporting substrate 11 have 
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been arranged on the drive-purpose vibrator 30 in such a 
manner that the vibration detection-purpose fixed electrodes 
80 are located opposite to the drive-purpose vibrator 30. In 
this case, two sets of these vibration detection-purpose fixed 
electrodes 80 have been provided along the upper and lower 
direction at positions outside the drive-purpose fixed elec 
trode 60, namely four sets of these vibration detection-pur 
pose fixed electrodes 80 have been provided in total. 

Then, at such portions that the drive-purpose vibrator 30 is 
located opposite to the vibration detection-purpose fixed 
electrodes 80, comb tooth-shaped units have been provided in 
Such a manner that these comb tooth-shaped units are pro 
jected from opposite planes thereof to the counter party in a 
comb tooth form, and the comb teeth thereof are interleaved 
with each other. 

Each of the vibration detection-purpose fixed electrodes 80 
has been electrically connected to a vibration detection-pur 
pose pad 80a provided in the vicinity of the frame unit 20. 
Then, a potential of the vibration detection-purpose fixed 
electrode 80 through this vibration detection-purpose pad 80a 
can be measured. 

It should also be noted that while the frameunit 20 has been 
constituted in Such a manner that this frame unit 20 Surrounds 
both the movable electrode 25 containing the above-de 
scribed vibrators 30 and 40 and the respective fixed electrodes 
60, 70.80, this frame unit 20 is maintained via a pad (not 
shown) and the like to the GND potential. The angular rate 
sensor 100, according to this embodiment mode, has been 
arranged by employing the above-explained arrangement. 

Next, a driving method of the angular rate sensor 100 
according to this embodiment mode will now be explained. 
The angular rate sensor 100 of this embodiment mode is 

driven by applying a desirable drive Voltage with respect to 
the drive-purpose pad 60a to which the drive-purpose fixed 
electrode 60 has been electrically connected. 
When the desirable drive voltage is applied to the drive 

purpose pad 60a, attracting force is produced based upon a 
capacitance formed between the drive-purpose fixed elec 
trode 60 and the elongation unit 32 of the drive-purpose 
vibrator 30 in response to a periodic variation of an AC 
component of the drive voltage. As a result, the drive beam 35 
bends, so that the drive-purpose vibrator 30 is vibrated along 
the first direction 'x'', namely is caused for driving vibrations. 

At this time, an overlap amount between the comb tooth 
shaped unit formed in the vibration detection-purpose fixed 
electrode 80 and the comb tooth-shaped unit formed in the 
drive-purpose vibrator 30 is varied in response to this drive 
vibration. As a result, the capacitance which is formed by 
these comb tooth-shaped units is changed. 
A magnitude of this drive vibration can be monitored by 

measuring this capacitance change based upon a potential of 
the vibration detection-purpose pad 80a to which the vibra 
tion detection-purpose fixed electrode 80 has been connected. 
As a consequence, the drive Voltage is feedback-controlled in 
response to the magnitude of the drive vibration in order that 
the magnitude of the drive vibration becomes a desirable 
value. 

Under such a condition that this driving vibration is carried 
out, when an angular velocity “S2’ around a rotation axis “z' 
which is perpendicular to both the first direction 'x' and the 
second direction “y” is inputted, Coriolis force is generated, 
and thus, the entire portion of the movable electrode 25 con 
taining both the drive-purpose vibrator 30 and the angular 
velocity detection-purpose vibrator 40 performs a detection 
vibration along the second direction “y” due to a bending of 
the detection beam 45. 
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10 
As a result, the interval between the comb tooth-shaped 

unit provided in the angular velocity detection-purpose vibra 
tor 40 and the comb tooth-shaped unit provided in the angular 
velocity detection-purpose fixed electrode 70 is changed, so 
that the capacitance which is formed by these comb tooth 
shaped units is changed. Then, since the potential of the 
angular velocity detection-purpose fixed electrode 70 is 
changed in connection with this change of the capacitance, 
the angular velocity “S2’ can be detected by measuring this 
potential change. 
On the other hand, in accordance with this embodiment 

mode, in the angular rate sensor 100 equipped with: the 
supporting substrate 11; the drive-purpose vibrator 30 sup 
ported on the supporting substrate 11 in the vibratable manner 
along the first direction “X”; and the angular velocity detec 
tion-purpose vibrator 40 Supported on the Supporting Sub 
strate 11 in the vibratable manner along the second direction 
“y” perpendicular to the first direction 'x'', the below-men 
tioned points are featured. 
The angular velocity detection-purpose vibrator 40 has 

been coupled via the detection beam 45 having the degree of 
freedom along the second direction “y” to the Supporting 
Substrate 11 and Supported by this Supporting Substrate 11, 
and also includes such a shape which is elongated along the 
second direction “y”. 
The vibration-purpose vibrator 30 has been coupled via the 

drive beam 35 having the degree of freedom along the first 
direction “X” to the angular velocity-purpose vibrator 40 and 
Supported by this angular Velocity-purpose vibrator 40. 
When the angular velocity “S2’ is applied around the axis 

“Z” based upon the vibration of the drive-purpose vibrator 30 
along the first direction 'x'', the angular velocity detection 
purpose vibrator 40 is vibrated along the second direction “y” 
by the Coriolis force applied to the drive-purpose vibrator 30, 
and thus, the angular velocity “S2’ is detected based upon the 
vibration of this angular velocity detection-purpose vibrator 
40. 
The ratio (W/L) of the length “L” along the second direc 

tion “y” to the width “Walong the first direction “X” as to the 
angular Velocity detection-purpose vibrator 40 is larger than, 
or equal to 0.1. This embodiment mode includes the above 
explained structural points as the feature. 
A description is made of the reason why the above-ex 

plained ratio (W/L) is larger than, or equal to 0.1. 
As previously explained, in Such a case that the angular 

velocity detection-purpose vibrator 40 includes such a shape 
elongated along the second direction 'y', the vibration pro 
duced from the drive-purpose vibrator 30 is transferred with 
respect to this angular velocity detection-purpose vibrator 40, 
and thus, there are some possibilities that the angular Velocity 
detection-purpose vibrator 40 bends along the width direction 
thereof, namely the first direction “X”. 
When the angular velocity detection-purpose vibrator 40 

bends along the first direction'x'', this angular velocity detec 
tion-purpose vibrator 40 is deformed also along the second 
direction “y” in connection with this bending of the vibrator 
40. As a result, since the distance (interval) is changed which 
is defined between the angular Velocity detection-purpose 
vibrator 40 and the angular velocity detection-purpose fixed 
electrode 70 along the second direction 'y', a capacitance 
change between both the vibrator 40 and the electrode 70 
occurs. As a result, angular Velocity components other than 
Such an angular velocity component which should be origi 
nally detected are detected, resulting in an output error. 

In order that the bending of the angular velocity detection 
purpose vibrator 40 along the first direction 'x' is suppressed 
and the displacement of the angular velocity detection-pur 
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pose vibrator 40 along the second direction “y” in connection 
with the bending of the vibrator 40 is suppressed, the follow 
ing technical idea may be conceived. That is, the width “W' 
of the angular velocity detection-purpose vibrator 40 along 
the first direction 'x' is made wide, and also the rigidness 
thereof along the same first direction “X” may be increased. 

However, it is not practically possible to simply widen the 
width “W. Unless the width “W' is widened by considering 
the length “L” of the angular velocity detection-purpose 
vibrator 40, the rigidness of this angular velocity detection 
purpose vibrator 40 cannot be increased. 
As a consequence, as a parameter of the rigidness of the 

angular Velocity detection-purpose vibrator 40 along the first 
direction 'x'', the ratio (W/L) of the length “L” along the 
second direction “y” to the width “Walong the first direction 
“x” in the angular velocity detection-purpose vibrator 40 has 
been employed in the embodiment mode (refer to FIG. 1). 

Then, while the FEM (Finite Element Method) analysis 
was carried out, an investigation was made of a relationship 
between this ratio (W/L) and the displacement of the angular 
velocity detection-purpose vibrator 40 along the second 
direction “y”. In this FEM analysis, as to driving vibrations, a 
time period of the driving vibrations produced by the drive 
purpose vibrator 30 along the first direction “X” may be setto, 
for example, several KHZ. 

FIG. 3 is a diagram for graphically showing results 
obtained by investigating a relationship between the ratio 
(W/L) in the driving vibrations by this FEM analysis and the 
displacement of the angular velocity detection-purpose vibra 
tor 40 along the second direction “y” (namely, y-directional 
displacement). In FIG. 3, an abscissa indicates that the ratio 
(W/L) is expressed by symbol “X”, whereas an ordinate 
shows that the y-directional displacement amount is 
expressed by symbol “Y”, while a unit is defined as “mm”. 
As indicated in FIG. 3, in the angular rate sensor 100 

according to this embodiment mode, both the ratio “X” and 
the displacement amount “Y” may satisfy a relationship 
which is expressed by the following formula 3. 

Y=0.0148X-0.0076X+0.0015X2-0.0001 X-6x10 (Formula 3) 

Thus, in accordance with the investigation made by the 
Inventors of the present invention, if the displacement amount 
“Y” is smaller than approximately 5x107 to 6x107 mm, 
then the capacitance change between the angular Velocity 
detection-purpose vibrator 40 and the angular velocity detec 
tion-purpose fixed electrode 70 may become such a small 
capacitance change having no problem. 
As a consequence, as indicated in FIG.3, if the ratio (W/L) 

is larger than, or equal to 0.1, then the bending amount"Y” of 
the angular velocity detection-purpose vibrator 40 along the 
second direction 'y', which is caused by the driving vibra 
tions of the drive-purpose vibrator 30, can be reduced to such 
a small bending amount having no practical problem. 
As previously described, in the angular rate sensor 100 

equipped with both the drive-purpose vibrator 30 and the 
angular velocity detection-purpose vibrator 40, which have 
been Supported on the Supporting Substrate 11 in Such a man 
ner that these vibrators 30 and 40 can be vibrated along the 
directions “x' and “y” perpendicular to each other, it can 
avoid that the angular velocity detection-purpose vibrator 40 
bends by the driving vibration of the drive-purpose vibrator 
30, and thus, the output error is produced. 

Here, preferably, the ratio (W/L) is equal to or smaller than 
0.20. In this case, the ratio (W/L) can be performed as a 
practical matter. More preferably, the ratio (W/L) is equal to 
or smaller than 0.15. In this case, as shown in FIG.3, the ratio 
(W/L) is obtained actually. 
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12 
It should be understood that the angular rate sensor 100 

shown in FIG. 1 merely represents one embodiment mode of 
the angular rate sensor according to the present invention, and 
therefore, the present invention is not limited thereto. 

In Summary, the present invention may be applied if an 
angular rate sensor is constituted by the below-mentioned 
structural elements: That is, in Such an angular rate sensor 
equipped with both a drive-purpose vibrator and an angular 
velocity detection-purpose vibrator, which have been sup 
ported on a Supporting Substrate in Such a manner that these 
vibrators can be vibrated along direction perpendicular to 
each other, the angular Velocity detection-purpose vibrator 
has been coupled via a detection beam onto the Supporting 
Substrate, and a drive-purpose vibrator has been coupled via a 
drive beam to the angular Velocity detection-purpose vibrator, 
and further, the angular Velocity detection-purpose vibrator 
includes a shape which is elongated along the vibration direc 
tion thereof. 

Then, the major structure of Such an angular rate sensor 
according to the present invention is featured by that the 
above-explained ratio (W/L) is larger than, or equal to 0.1, 
and also, other structural elements of this sensor may be 
properly modified. 

Second Embodiment 

The inventors have preliminary studied about an angular 
rate sensor mounted in Such a way that a detection axis cor 
responding to a rotation axis of an angular Velocity is directed 
to an upper and lower direction of a vehicle, namely the 
vertical direction. FIG. 8 is a diagram for schematically rep 
resenting a mounting condition of such an angular rate sensor 
500. It should be understood that a base member is omitted in 
FIG 8. 

While two pieces of vibrators 520 have been provided in 
this angular rate sensor 500, each of the vibrators 520 is 
driven to be vibrated along an “X” direction corresponding to 
a first direction, and further, when an angular velocity “S2’ is 
applied, each of the vibrators 520 is vibrated so as to detect the 
applied angular velocity “S2’ along a “y” direction corre 
sponding to a second direction by Coriolis force. 

In this case, an 'X-to-y plane corresponds to a horizontal 
plane, and a detection axis “Z” of the angular velocity “S2’ 
corresponds to the upper and lower direction of the vehicle, 
namely the vertical direction. Then, this angular rate sensor 
500 performs the angular velocity detecting operation based 
upon the detecting vibrations of the vibrator 520 in accor 
dance with, for example, an electrostatic capacitance type 
detecting method. 

In such an angular rate sensor 500, since the driving vibra 
tions of the vibrators 520 are directed to the vertical direction 
with respect to a direction (namely, arrow “Y1 shown in FIG. 
8) of upper and lower vibrations of the vehicle, or a direction 
(namely, arrow “Y2” shown in FIG. 8) of gravitational accel 
eration, there is a small influence thereof. Here, the arrow Y1 
represents a vertical direction so that the detection axis Z is 
parallel to the vertical direction Y1. The arrow Y2 represents 
a gravity direction. 

However, in such a case that this angular rate sensor 500 is 
used so as to detect any other angular Velocities than a yaw 
rate, the sensor 500 is mounted in such a manner that a 
detection axis Zofanangular velocity is located parallel to the 
horizontal plane. The angular Velocities other than this yaw 
rate correspond to, for instance, an angular Velocity aroundan 
axis of a forward and backward direction of a vehicle, namely 
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a roll rate, and also correspond to an angular Velocity around 
an axis of a right and left direction of the vehicle, namely a 
pitch rate. 
As a result, in the angular rate sensor 500, there are some 

risks that adverse influences caused by the upper and lower 
vibrations of the vehicle and the gravitational acceleration 
may be given with respect to the driving vibrations depending 
upon the direction of the driving vibrations of the vibrators 
520. In other words, when the above-described upper and 
lower vibrations of the vehicle and the gravitational accelera 
tion are applied to the vibrators 520 along the above vibration 
direction, the vibrating conditions of the driving vibrations 
become unequal to each other. 

Originally, in a vibration type angular rate sensor, it is 
important how to stabilize driving vibrations of vibrators. 
However, a leakage of vibrations may occur in response to a 
change in conditions of the driving vibrations, and/or electric 
anomalies, caused by the driving vibrations being Superim 
posed upon detection signals, so that precision of sensor 
output signals may be deteriorated. 

Therefore, it is required, even when a detection axis of an 
angular velocity is directed to the horizontal plane, driving 
vibrations of vibrators is stabilized as much as possible. 

In view of the above problem, a mounting structure of an 
angular rate sensor according to a second embodiment of the 
present invention is provided. 

FIG. 5 is a perspective view for schematically showing a 
mounting structure, according to the second embodiment 
mode, in which the angular rate sensor 100 is mounted on a 
mounting board (base member) 200. FIG. 6 is a diagram for 
schematically indicating a plane structure of the angler Veloc 
ity sensor 100 shown in FIG. 5, namely, a plane view for 
indicating the angular rate sensor 100 as viewed from an 
upper plane of a substrate 10 which constitutes this sensor 
1OO. 

In this embodiment mode, the angular rate sensor 100 has 
been mounted on the mounting board 200 as such a sensor 
mounted on a vehicle (not shown), which detects an angular 
velocity around a forward and backward direction axis of the 
vehicle, namely detects a roll rate. 

In FIG. 5, a detection axis “Z” of an angular velocity “S2’ 
corresponds to Such an axis which is elongated along the 
forward and backward direction of the vehicle: a driving 
vibration direction of each of the vibrators 210 corresponds to 
an “X” direction which is elongated along an upper and lower 
direction of the vehicle; and a detecting vibration direction of 
each of the vibrators 210 corresponds to a “y” direction which 
is elongated along an upper and lower direction of the vehicle, 
namely along a gravitational acceleration direction. Further 
speaking, an 'X-to-Z' plane corresponds to the horizontal 
plane, and they direction corresponds to the vertical direction 
which is perpendicular to this “x-to-z' plane. 

While the angular rate sensor 100 includes a substrate 10, 
a well-known micromachine process is carried out with 
respect to this substrate 10, so that the vibrators 210 are 
formed. In this embodiment mode, two pieces of the above 
explained vibrators 210 have been formed. 

Also, the mounting board 200 functioning as the base 
member is manufactured from a circuit board of an ECU of 
the vehicle, or the like. Then, since this substrate 10 is adhered 
onto the mounting board 200, the angular rate sensor 100 has 
been mounted on this mounting board 200 so as to be fixed 
thereon. It should be understood that the angular velocity 100 
may be alternatively mounted on the mounting board 200 
under Such a condition that, for example, this angular rate 
sensor 100 has been stacked on another single circuit board 
(not shown). 
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First, the angular rate sensor 100 will now be explained 

with reference to, mainly, FIG. 6. It should also be understood 
that in this example, as represented in FIG. 5, the angular rate 
sensor 100 has been manufactured by arranging two pieces of 
the vibrators having the same structures along the “x' direc 
tion corresponding to the driving vibration direction. How 
ever, in order to avoid a duplication, only one of these two 
vibrators 210 is indicated in FIG. 6. 

As the substrate 10 which constitutes this angular rate 
sensor 100, for instance, an SOI (silicon-on insulator) sub 
strate having a rectangular shape may be employed. This SOI 
Substrate is formed by Such a way that a second silicon layer 
functioning as a second semiconductor layer is adhered via an 
oxide film functioning as an insulating film on a first silicon 
layer functioning as a first semiconductor layer. 

Then, a trench etching process, a release etching process 
and the like are carried out with respect to a front surface layer 
of this substrate, for example, the second silicon layer pro 
vided in the SOI substrate, so that beam structural bodies 50, 
60, 70, 220, 45 segmented by trenches have been formed, as 
shown in FIG. 6. 

The beam structural bodies 50, 60, 70, 220, 45 have been 
constituted by mainly employing a vibrating body 220, 
respective beam portions 35 and 45, and also respective elec 
trodes 60 and 70. 

The vibrating body 220 has been formed at a centerportion 
of the substrate 10 in such a manner that this vibrator 210 can 
be vibrated within a horizontal plane with respect to the 
substrate 10, namely, within a paper plane of FIG. 6. In this 
example, the vibrator 210 has been arranged by a first vibra 
tion unit 30 as a drive-purpose vibrator, a second vibration 
unit 40 as an angular Velocity detection-purpose vibrator, and 
a driving beam unit 35 (i.e., a drive beam) as the beam portion 
for coupling the first vibration unit 30 to the second vibration 
unit 40. The first vibration unit 30 has a substantially rectan 
gular shape and is located at the center portion. The second 
vibration unit 40 has a rectangular frame shape and is located 
at an outer peripheral portion of this first vibration unit 30. 

This vibrating body 220 has been coupled via a detecting 
beam unit 45 as a detection beam with respect to an anchor 
unit 50 which has been provided at a peripheral portion of the 
substrate 10. 

In this case, the anchor unit 50 has been fixed on a portion 
of the substrate 10, which is located under the surface layer 
where this beam structural body 220 has been formed, and 
Supported by this portion, namely fixed and Supported on a 
supporting substrate unit. The vibrating body 220 has been 
separated, i.e., apart from this supporting Substrate unit under 
such a condition that this vibrating body 220 has been coupled 
to the anchor unit 50. 

As indicated in FIG. 6, in this case, since the driving beam 
unit 35 is made in Such a shape elongated along, for example, 
the “y” direction, this driving beam unit 35 can be elastically 
deformed along essentially only the “x' direction corre 
sponding to the first direction. Also, since the detecting beam 
unit 45 is made in Such a shape elongated along, for example, 
the “x' direction functioning as the first direction, the detect 
ing beam unit 45 can be elastically deformed along essen 
tially only the “y” direction corresponding to the second 
direction. 

Then, a first vibrating unit 30 within the vibrating body 220 
can be vibrated by the drive beam 35 along an “X” direction 
(driving vibration direction) within the horizontal plane with 
respect to the substrate 10. On the other hand, the entire 
portion of the vibrating body 220 can be vibrated by the 
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detecting beam unit 45 along a “y” direction (detecting vibra 
tion direction) within the horizontal plane with respect to the 
substrate 10. 

Also, the drive electrode 60 has been provided between the 
first vibration unit 30 and the second vibration unit 40, while 
this drive electrode 60 causes the first vibration unit 30 to be 
driven so as to be vibrated along the 'x' direction. 

Similar to the anchor unit 50, this drive electrode 60 has 
been fixed to the above-explained supporting Substrate unit. 
Then, the drive electrode 60 has been arranged in an opposite 
sense in Such a manner that a comb-shaped tooth portion of 
the drive electrode 60 is interleaved with a comb-shaped tooth 
portion (drive-purpose comb-shaped tooth portion) 30a 
which is projected from the first vibration unit 30. 

Also, the detection electrode 70 has been provided as an 
electrode for detecting an angular velocity at an outer periph 
eral portion of the second vibration unit 40. 

This detection electrode 70 is employed in order to detect 
an angular velocity around a “Z” axis which is perpendicular 
to the substrate 10 based upon the vibrations of the vibrating 
body 220. Similar to the anchor unit 50, the detection elec 
trode 70 has been fixed to the supporting substrate unit. The 
detection electrode 70 has been arranged in an opposite sense 
in Such a manner that a comb-shaped tooth portion of the 
detection electrode 70 is interleaved with a comb-shaped 
tooth portion (detection-purpose comb-shaped tooth portion) 
40a which is projected from the second vibration unit 40. 

Also, in this angular rate sensor 100, pads (not shown) have 
been formed on proper portions of the substrate 10, and these 
pads are employed so as to apply Voltages and to derive 
signals to/from the vibrating body 220, the drive electrode 60, 
the detection electrode 70, and the like. 

For instance, while the pads have been formed at the 
peripheral portion of the substrate 10, bonding wires (not 
shown) made of Au (gold) and Al (aluminium) are connected 
to these pads. As a result, the angular rate sensor 100 may be 
electrically connected via the bonding wires, or the like, to the 
mounting board 200. 

In this angular rate sensor 100, a drive signal (sine wave 
voltage etc.) is applied from the mounting board 200 and the 
like to the drive electrode 60 so as to generate electrostatic 
force between the comb-shaped tooth portion 30a of the first 
vibration unit 30 and the drive electrode 60. As a conse 
quence, the first vibration unit 30 is driven to be vibrated 
along the 'x' direction by elastic force of the driving beam 
unit 35. 
When an angular velocity “S2’ corresponding to the roll 

rate is applied around the “Z” axis corresponding to the detec 
tion axis under such a condition that this first vibration unit 30 
is driven to be vibrated, Coriolis force is applied to the first 
vibration unit 30 along the “y” direction, and thus, the entire 
portion of the vibrating body 220 is driven to detect the 
applied Coriolis force along the “y” direction due to the 
elastic force of the detection beam 45. 
As a consequence, since the capacitance between the 

comb-shaped teeth of the detection electrode 70 and the 
comb-shaped teeth of the detection-purpose comb-shaped 
tooth unit 4.0a is changed by this detecting vibration, this 
capacitance change is detected, so that a magnitude of the 
angular velocity “S2’ around the “Z” axis can be acquired. 
Namely, a roll rate of the vehicle can be obtained. 

Concretely speaking, in FIG. 6, when the vibrating body 
220 is displaced in one direction along the “y” axis direction, 
as to the right-sided and left-sided detection electrodes 70 
shown in FIG. 6, a capacitance change in the left-sided detec 
tion electrode 70 is varied in a reverse manner with respect to 
a capacitance change in the right-sided detection electrode 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
70. As a result, the capacitance changes occurred in the right 
sided and left-sided detection electrodes 70 are converted into 
voltages, and then, both the voltage values are differentially 
amplified, so that the angular velocity “S2’ can be obtained as 
the roll rate. 
The angular rate sensor 100 includes two pieces of the 

vibrators 210 having the same structures. In other words, two 
sets of the beam structural bodies 50, 60, 70, 220, 45 having 
the structures shown in FIG. 6 are formed along the “x' 
direction corresponding to the driving vibration direction in 
the substrate 10, which eventually constitute the angular rate 
Sensor 100. 

In this case, two pieces of the vibrators 210 are driven to be 
vibrated in an opposite phase with each other. Then, since the 
output signals derived from two pieces of the vibrators 210 
are differentially processed, the acceleration components 
produced along the 'X' direction can be canceled. As a result, 
the angular rate sensor 100 can detect the angular Velocity 
without containing the above-described acceleration compo 
nents in high precision. Apparently, only one piece of the 
vibrator 210 may be alternatively employed in the angular 
rate sensor 100. 

Such a mounting structure may be provided which is real 
ized by mounting the angular rate sensor 100 on the mounting 
board 200 corresponding to the base member. In the angular 
rate sensor 100, the vibrators 210 are driven to be vibrated 
along the “x' direction; and when the angular velocity “S2' is 
applied under this driving vibration, the angular velocity “S2’ 
is detected based upon the vibrations (detecting vibrations) of 
the vibrators 20 along the “y” direction perpendicular to the 
'X' direction. 
As indicated in FIG. 5, as the specific structure of this 

embodiment mode, in Such a mounting structure of the angu 
lar rate sensor, the detection axis “Z” which constitutes the 
rotation axis of the angular velocity and is intersected perpen 
dicular to both the 'x' direction and the “y” direction is 
located parallel to the X-to-Z plane, namely the horizontal 
plane. In other words, the detection axis “Z” of the angular 
velocity “S2’ constitutes such an axis which is perpendicular 
to the X-to-y plane corresponding to the vertical plane. 

Moreover, as indicated in FIG.5, as the specific structure of 
this embodiment mode, the “x' direction along which the 
vibrators 210 of the angular rate sensor are driven to be 
vibrated constitutes such a direction which is located parallel 
to the X-to-Z plane corresponding to the horizontal plane, and 
is perpendicular to the detection axis “Z”. 

In accordance with the mounting structure of the angular 
rate sensor 100, which includes the above-explained specific 
structure, the direction “X” of the driving vibration as to the 
vibrators 210 may constitute such a direction which is per 
pendicular to both the upper and lower vibrating direction 
“Y1 of the vehicle and the gravitational acceleration direc 
tion “Y2 thereof, as represented in FIG.5. As a consequence, 
the adverse influences caused by the upper and lower vibra 
tions of the vehicle and the gravitational acceleration can be 
reduced as little as possible with respect to the driving vibra 
tion. 

Accordingly, in the mounting structure of the vibration 
type angular rate sensor 100, even in Such a case that the 
detection axis “Z” of the angular velocity is located parallel to 
the horizontal plane, the driving vibrations of the vibrators 
210 can be stabilized as much as possible. 
As a comparison example, FIG. 7 is a perspective view for 

schematically showing a mounting structure for the angular 
rate sensor 100. 

In this case, the 'X' direction corresponding to the driving 
vibration direction of the vibrators 210 is made coincident 
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with either the upper and lower vibration direction “Y1 of 
the vehicle or the gravitational acceleration direction “Y2 
thereof, so that an unbalance condition is produced in the 
driving vibrations of the vibrators 210. In other words, when 
the vibrators 210 are displaced in an upward direction and a 
downward direction, two sets of displacement of the vibrators 
210 do not become symmetrical displacement with each other 
due to adverse influences caused by either the upper and 
lower vibrations of the vehicle or the gravitational accelera 
tion thereof. 

To the contrary, in accordance with the mounting structure 
of this embodiment mode, the 'x' direction corresponding to 
the driving vibration direction of the vibrators 210 is perpen 
dicular to either the upper and lower vibration direction “Y1 
of the vehicle or the gravitational acceleration direction “Y2 
thereof, so that the adverse influences caused by the upper and 
lower vibrations of the vehicle and the gravitational accelera 
tion thereof with respect to the driving vibration can be 
reduced as little as possible. Even in such a case that the 
detection axis “Z” of the angular velocity is located parallel to 
the horizontal plane, the driving vibrations of the vibrators 
210 can be stabilized as much as possible. 

It should be understood that in the above-described 
embodiment mode, while the detection axis “Z” of the angular 
Velocity corresponds to Such an axis which is elongated along 
the forward and backward direction of the vehicle, this detec 
tion axis “Z” has been applied as the angular rate sensor 100 
for detecting the roll rate. 

Although not shown in the drawings, in this case, the 
detection axis “Z” of the angular velocity may be alternatively 
defined as such an axis which is elongated along the right and 
left direction of the vehicle. In other words, the mounting 
structure of the present invention may be apparently applied 
to Suchanangular rate sensor capable of detecting a pitch rate. 

Also, as the base member, the present invention is not 
limited only to the above-explained mounting board 200. 
Also, in the above-described embodiment mode, the angular 
rate sensor 100 has been mounted on the vehicle in combina 
tion with the mounting board 200 corresponding to the base 
member. Alternatively, the mounting structure of the present 
invention may be applied to Such a sensor which is not 
mounted on a vehicle. 

In Summary, the present invention is mainly featured by 
mounting the angular rate sensor on the mounting structure 
mounted on the base member. That is to say, in the angular 
rate sensor, the vibrators are driven to be vibrated along the 
first direction; and when the angular Velocity is applied under 
this driving vibration, the angular velocity is detected based 
upon the vibrations of the vibrators along the second direction 
perpendicular to the first direction. In this mounting structure, 
the detection axis which corresponds to the rotation axis of 
the angular velocity and are perpendicular to both the first 
direction and the second direction is located parallel to the 
horizontal plane; and the first direction along which the vibra 
tors are driven to be vibrated corresponds to such a direction 
which is located parallel to the horizontal plane and is inter 
sected to the detection axis. Detailed structures of this mount 
ing structure may be properly modified. 

While the invention has been described with reference to 
preferred embodiments thereof, it is to be understood that the 
invention is not limited to the preferred embodiments and 
constructions. The invention is intended to cover various 
modification and equivalent arrangements. In addition, while 
the various combinations and configurations, which are pre 
ferred, other combinations and configurations, including 
more, less or only a single element, are also within the spirit 
and scope of the invention. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
What is claimed is: 
1. A mounting structure comprising: 
a sensor; and 
a mounting board for mounting the sensorthereon, wherein 
the sensor includes a pair of vibrators capable of vibrating 

in a first direction, 
each sensor detects an angular Velocity on the basis of 

vibration of the vibrator in a second direction in a case 
where the vibrator is vibrated in the first direction, and 
where the angular Velocity is applied to the sensor in a 
third direction so that the third direction provides a rota 
tion axis of the angular Velocity, 

the vibrators of the pair of vibrators vibrate in phases that 
are opposite to one another, 

the second direction is perpendicular to the first direction, 
the third direction is perpendicular to both of the first and 

the second directions, 
the third direction is in parallel to a horizontal plane per 

pendicular to a gravitational direction, and 
the first direction is in parallel to the horizontal plane. 
2. The mounting structure according to claim 1, wherein 

the sensor and the board are used in an automotive vehicle. 
3. The mounting structure according to claim 2, wherein 

the third direction is in parallel to a front-and-back direction 
of the vehicle. 

4. The mounting structure according to claim 2, wherein 
the third direction is perpendicular to a front-and-back direc 
tion of the vehicle. 

5. The mounting structure according to claim 1, wherein 
each vibrator is an electrostatic capacitance type gyro 

Scope, and 
a sine wave Voltage is applied to each vibrator so that the 

vibrator vibrates in the first direction. 
6. The mounting structure according to claim 1, wherein 

the sensor is an angular rate sensor, which includes: 
a Support Substrate; 
a drive-purpose vibrator Supported on the Substrate through 

a drive beam in such a manner that the vibrator is capable 
of vibrating in a first direction; and 

an angular Velocity detection-purpose vibrator Supported 
on the Substrate through a detection beam in Such a 
manner that the vibrator is capable of vibrating in a 
second direction, which is perpendicular to the first 
direction, 

the angular Velocity detection-purpose vibrator extends in 
the second direction, 

the detection beam is deformable in the second direction, 
the drive beam is deformable in the first direction, 
the sensor detects an angular Velocity on the basis of vibra 

tion of the angular Velocity detection-purpose vibratorin 
the second direction, the vibration which is caused by a 
Coriolis force applied to the drive-purpose vibrator in a 
case where the drive-purpose vibrator is vibrated in the 
first direction, and where the angular Velocity is applied 
to the sensorina third direction so that the third direction 
provides a rotation axis of the angular Velocity, 

the third direction is perpendicular to both of the first and 
the second directions, 

the angular Velocity detection-purpose vibrator has a 
length along with the second direction and a width along 
with the first direction, and 

a ratio between the width and the length of the angular 
Velocity detection-purpose vibrator is equal to or larger 
than 0.1. 
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7. The mounting structure according to claim 6, wherein the ratio and the displacement amount have the following 
the ratio between the width and the length of the angular relationship: 

velocity detection-purpose vibrator is defined as X, 
the angular velocity detection-purpose vibrator has a dis 

placement amount in the second direction when the 5 
drive-purpose vibrator is vibrated in the first direction, 

the displacement amount of the angular Velocity detection 
purpose vibrator is defined as Y in millimeters, and k . . . . 

Y=0.0148X-0.0076X+0.0015X?-0.0001 X-6x1O. 


